Abstract: Genetic diversity analysis was conducted for biometric attributes in 20 progenies of Neolamarckia cadamba. The application of D 2 clustering technique in Neolamarckia cadamba genetic resources resolved the 20 progenies into five clusters. The maximum intra cluster distance was shown by the cluster II. The maximum inter cluster distance was recorded between cluster III and V which indicated the presence of wider genetic distance between Neolamarckia cadamba progenies. Among the growth attributes, volume (36.84 %) contributed maximum towards genetic divergence followed by bole height, basal diameter, tree height, number of branches in Neolamarckia cadamba progenies.
INTRODUCTION
Global demand for wood is increasing at an annual rate of 1.7 percent (Parthiban 2016) At the same time, planted forest resources are insufficient to meet current demands. The scope for expansion of forested area is limited (Gregory et al. 2002) . This trend creates economic pressure that encourages the commercial exploitation of natural forests unless supply can be increased through the establishment of high yielding plantations. The current supply of raw materials for industries like pulpwood, plywood, furniture and matchwood energy in the state is far behind the demand. Hence, to meet the growing raw material requirement and also to subserve the 1988 National Forest Policy Guidelines of Indian Government and to keep pace with these progressive developmental changes in the country, the industries must expand sharply its plantation programme. However, considering the acute shortage of suitable raw material, the industries have to establish a plantation of suitable species with tree improvement programme to achieve maximum yield within a short rotation period. This besides, choice of alternative tree species to meet the raw material requirement of industries is the need of the hour. Neolamarckia cadamba is one such alternative species suitable for pulpwood, plywood, matchwood and also in pencil industry.
In India both domestic and international market, the timber supply is facing a severe shortage. It is estimated that the demand for timber is likely to grow from 58 million cubic meters in 2005 to 153 million cubic meters in 2020. The wood supply is increased in past two decades from 29 million cubic meters in 2000 to 60 million cubic meters in 2020. The shortfall of 93 million cubic meters should be met by import from the international market. The productivity of timber in India is only 0.7 cu m -1 ha -1 year -1 whereas the world average is 2.1 cu m -1 ha -1 year -1 (Lal 2011) . The supply of timber is mainly from forest plantations and wood production is showing a negative growth rate. In the absence of adequate supply from domestic sources, the nation has to depend heavily on imports to meet its demand for timber. This will increase the nation's forest footprint, particularly in South East Asia. In order to minimize the forest footprint, we need to encourage sustainable consumption of timber by promoting farm forestry. The demand gap should be bridged by increasing domestic production by introducing fast growing timber species with a short rotation like Neolamarckia cadamba. For any tree improvement programme, determination of the species, or geographic source within species, amount, kind and cause of variation within the species are very important initial steps (Zobel & Talbert 1984) .
Abundant variation is available in trees in nature, which the foresters can tap and use it to get the maximum improvement in a short span of time. Information from field experiments is very valuable because assessed adaptive genetic variation is still the best input for breeding and conservation activities (Zobel 1971) . However, variation studies using biometric traits in Neolamarckia cadamba is dismally modest and demand intensive research.
The genetic diversity existing in the population will help to generate a rich base population for initiating proper selection (Zobel 1981) . After clustering, the superior group or individual may directly be utilized for raising commercial plantation for meet out industrial wood demand. Determination of genetic diversity through mahalanobis D 2 analysis in Neolamarckia cadamba has not been attempted so far and thus underscores investigation.
MATERIALS AND METHODS
The experimental materials for this study consisted of 20 genotypes of Neolamarckia cadamba selected from various locations of India (Table 1 ). The progeny evaluation experiments were carried out in the field of Forest College and Research Institute, Tamil Nadu Agricultural University, Mettupalayam (11 o 19′ N, 76 o 56′ E), 300 m.
a.m.s.l., 800 mm, pH 7.1) during 2012-2013. 
Botanical features
Neolamarckia cadamba is a large tree with a broad umbrella-shaped crown and straight cylindrical bole. The tree may reach a height of 45 m with a stem diameter of 100-160 cm and sometimes it has a small buttress up to 2 m high. The bark is grey, smooth and very light in young trees, but rough and longitudinally fissured in old trees. The branches spread horizontally and drop at the tip. The leaves are glossy green, opposite, simple sessile to petiolate, ovate to elliptical (15-50 cm long by 8-25 cm wide). In young fertilised trees, the leaves are much larger, subordinate at the base and acuminate at apex; the stipules are interpetiolar, narrowly triangular and deciduous. The fruitlets are numerous, somewhat fleshy, with their upper parts containing 4 hollow or solid structures. The fruit contains approximately 8000 seeds with fleshy yellow-orange infructescence; small and fleshy capsules closely packed together. The seeds somewhat are trigonal or irregular shaped, not winged (Martawijaya et al. 1989) . It is lightweight hardwood. The heartwood is not clearly different from sapwood. The heartwood is visually white with a yellow tinge darkening to creamy yellow (Soerianegara & Lemmens 1993) .
Determination of genetic diversity
The Biometric data recorded during 32 MAP in Neolamarckia cadamba progeny evaluation trial were used for diversity analysis ( Table 2 ). The D 2 statistics was adopted for the estimation of genetic divergence (Mahalanobis 1928) . Using D 2 statistical results, the clustering of progenies was done. The D 2 statistics was carried out using the traits viz., plant height, basal diameter and volume index. The mean squares and the mean products were estimated between groups and within components by one-way analysis of variance, covariance and the significance were tested at progeny level. A variance -covariance was formed from the above and subjected to pivotal condensation to obtain the linear function for the transformation of character mean values (x) to a set of independent variables (uncorrected mean) value (y). 
Determination of clusters or grouping
The progenies were grouped into different clusters using 'GENRES' statistical package on the basis of D
Tocher's method
All the [n (n-1) /2] X D 2 values were clustered by using Tocher's method (Rao 1952) .
Average intra and inter cluster distances
Intra and inter cluster relationships were studied on the completion of clustering analysis and the relationship between clusters and their distances were represented. The average intra cluster distances was measured using the formula 
Cluster components
The clustering pattern revealed that the 20 progenies were resolved into five different clusters. The cluster I constituted 8 progenies viz., FCRIK1, FCRIK2, FCRIK3, FCRIK4, FCRIK5, FCRIK6, FCRIK9 and FCRIK10; whereas cluster II consisted of 6 progenies FCRIK8, FCRIK11, FCRIK12, FCRIK13, FCRIK14 and FCRIK15; Cluster III consisted 4 progenies FCRIK7, FCRIK16, FCRIK18 and FCRIK19; Cluster IV consisted 1 progenies FCRIK 17; Cluster V consisted 1 progeny FCRIK20 (Table 3) . inter cluster ranged from 0.00 to 2.69 and 6.40 to 29.79 respectively. Intracluster distance maximum in cluster II (2.69) with seven accessions and minimum in cluster IV and V (0.00) with one accession respectively. Highest inter cluster was between cluster III and V (29.795), followed by cluster IV and V (27.528) suggesting that there is a wide genetic diversity between these groups. The minimum inter cluster distance was between cluster I and II (7.170). 
Cluster mean performance
The cluster mean for the traits was estimated and furnished in the table 5. Cluster mean expressed significant variation among clusters for all traits. The members in cluster III showed the highest performance of 5.88 for tree height followed by cluster II (5.62) while, the minimum was observed for the cluster V (3.88). The maximum cluster mean of 32.42 was observed for diameter at breast height in cluster III whereas the least cluster mean for diameter at breast height (17.57) was exhibited by the cluster V. The maximum cluster mean of 46.0 was observed for basal diameter in cluster III whereas the least cluster mean for basal diameter (27.65) was exhibited by the cluster v. The maximum cluster mean of 42.0 was observed for number of branches in cluster IV whereas the least cluster mean for number of branches (22.50) was exhibited by the cluster V. The maximum cluster mean of 2.65 was observed for bole height in cluster IV whereas the least cluster mean for bole height (2.17) was exhibited by the cluster V. The maximum cluster mean of 3.65 was observed for crown length in cluster III whereas the least cluster mean for crown length (1.71) was exhibited by the cluster V. In case of volume, the cluster mean was highest for cluster IV (0.050) and the lowest for cluster V (0.014). In general, the cluster IV and cluster V had highest and lowest mean values for most of the traits respectively. 
Contribution of characters towards genetic divergence
The number of times each character ranking first was counted and percentage contribution towards divergence was calculated and presented in table 6. Volume contributed maximum percentage towards divergence (36.84%) followed by bole height (20.00%). Contribution towards divergence was not recorded by crown length (0.00%). 
DISCUSSION AND CONCLUSION Genetic divergence
Proper genetic resources and sufficient genetic divergence between the population is used in successful tree improvement programmes. Precise information on the nature and degree of genetic divergence in respect of important traits is a pre-requisite for undertaking meaningful breeding programme (Chaturvedi & Pandey 2001) towards the improvement and conservation of a species (Ayad et al. 1995 , Gradual et al. 1999 . Assessment of genetic divergence in the populations of a species is of paramount significance in the purposeful breeding programme. The nature and degree of genetic divergence in the seed sources is useful for classifying them into groups on the basis of their diversity, particularly when overlapping for one or more characters is frequent, the genetic divergence analysis also helps in identifying the desirable genotypes for improvement programme, presuming that genetic diversity would provide greater livelihood of promising genetic rearrangement. In the current study, genetic diversity existed among the 20 selected progenies of Neolamarckia cadamba had been assessed through D 2 analysis which resolved the 20 progenies in to five clusters.
Cluster composition
Diversity analysis provides in formation on deciding the choice of parents from distantly related cluster to Preethi Shree et al. (2018) is an important tool in plant breeding for estimating genetic divergence (Aslam et al. 2011) . The exploitation of heterosis and success in getting desirable segregates in a breeding programme, largely depends on the degree of divergence in a chosen population (Paramathma & Surendran 2000a ). Genetic diversity is essential to meet the diversified goals of tree breeding such as breeding for cultivation, increasing yield, wider adaptation, desirable quality, pest and disease resistance. The extent of diversity that existed within the selected genotypes has been estimated using genetic divergence analysis (Mondal 2003) . Application of Mahalanobis statistics and Tocher's technique allowed grouping of the 20 Neolamarckia cadamba progenies into five distinct clusters (Fig. 1) , indicating adequate genetic variability among the clusters under study. Among the five clusters, cluster I included a maximum of eight genotypes and cluster II and III included six and four respectively. The cluster IV and V included only a particularly unique and distinct genotype. In Pinus wallichiana, 88 plus tree progenies were grouped into 10 distinct clusters on the basis of Mahalanobis D 2 statistic. Maximum number of genotypes (21) was grouped in cluster IV, followed by cluster III (18) and cluster X (14). Clusters V and VII consisted of 10 genotypes each followed by clusters I and VIII which included 8 and 4 genotypes, respectively. Cluster III, VI and IX were distinct and unique from others as each included only one genotype (Aslam et al. 2011) . Similarly, 80 batches of teak had been grouped into eight clusters, of which group A formed the largest cluster containing 46 batches (Bagchi 2000) . In the present investigation, some clusters included genotypes from all the locations, while others included only a particularly unique and distinct genotype. It could be seen that the genotypes from different locations grouped together to form a single major cluster as evident in cluster I and therefore the pattern of divergence was not depended on the geographic locations. These findings were in agreement with the results of Sagwal (1982) , Khosla et al. (1994) , Sehgal et al. (1994) in Pinus roxburghii; Arun Prasad et al. (1996) in Tectona grandis and Aslam et al. (2011) in Pinus wallichiana and suggested that all the genotypes from a given area may not necessarily form a single cluster. Thus, the pattern of divergence is not dependent on the geographical nearness of the genotypes and such a pattern could be attributed to differences in the genetic makeup of the otherwise co-occurring genotypes (Chauhan & Sehgal 2001) . The occurrence of genotypes from geographically different areas in the same cluster, as evidenced in the current study and also reported in Pungam which indicated that factors other than geographical nearness are also contributing towards genetic divergence (Kumaran 1991) .
Intra and inter cluster average distance
In the present study, the highest intra-cluster distance was observed for the cluster II (7.28) and the minimum for the cluster III (5.413). Cluster III has the minimum intra-cluster value indicating that genotype within the cluster was similar, while cluster II showed the maximum intra-cluster D 2 value followed by cluster I (6.41) revealing the existence of diverse genotypes that fell in these clusters. The intra-cluster distance was much lower than inter-cluster one, suggested heterogeneous and homogenous nature between and within cluster respectively and also indicated wide genetic diversity among the genotypes of different clusters than those of the same cluster. The data on inter cluster distances and as per the performance of genotypes were used to select genetically diverse and silviculturally superior genotypes. The genotypes, exceptionally good with respect to one or more characters were desirable. A perusal of intra and inter-cluster distances revealed that highest intercluster distance of 29.79 between cluster III and V followed by cluster IV and V (27.52). If genotypes drawn from such genetically diverse clusters, they could be of particular significance in the production of high heterotic effect during hybridization (Singh & Singh 1981 , Aslam et al. 2011 . Such inter and intra cluster distance among Pinus gerardiana was also reported which support the results of current conclusion (Kant et al. 2006) .
Cluster mean performance
The data revealed considerable differences among the clusters for most of the characters studied. The cluster III recorded higher tree height, DBH, basal diameter and crown length. In respect of different biometric parameters considered in the present study, the clusters did vary (Table 5 ) and such variations in cluster means have also been reported by Aslam et al (2011) in Pinus wallichiana, Kumaran (1997) in Neem and Bagchi (2000) in Tectona grandis. Surendran & Chandersekhran (1988) studied the genetic divergence among half-sib progenies of 35 single tree selections of Eucalyptus tereticornis from different agro-climatic zones of Tamil Nadu at 24 month growth phase and identified promising clusters for their use in the silvicultural management of the species. Genetic diversity is the outcome of several factors, including topographical diversification. Therefore, selection of genotypes of higher productivity should be based on genetic diversity rather than geographic diversity (Singh 1993) .
Contribution of traits towards genetic divergence
In the present investigation, among the growth attributes, volume contributed maximum (36.84%) towards genetic divergence followed by bole height, basal diameter, tree height, number of branches and DBH. Paramathma (1992) reported similar results in six Eucalyptus species and twelve interspecific hybrids; Bagchi (2000) in Tectona grandis; Tikader (2001) in Morus species; Manga & Sen (2000) in Prosopis cineraria; Tewari et al. (2002) in Dalbergia sissoo; Chauhan & Sehgal (2001) in Pinus roxburghii and Vennila (2009) in Eucalyptus also reported contribution of volume index along with other morphometric traits towards genetic divergence among the genotypes tested which might be due to the existence of broader genetic base. Based on the previous work and the current finding, the contributions of volume index for genetic divergence indicated that this derived factor could be used as an index for Neolamarckia cadamba tree improvement programme.
The findings of the present study are also in line with the results of Burley & Burrows (1972) , who employed multivariate analysis in Pinus kesiya and suggested that, this techniques mainly used to identify the best progenies among the different genetic resources through many number of clusters and the selected superior cluster are used to afforestation and reforestation programmes. Hopefully such knowledge will aid propagators, geneticists, breeder and tree improvement specialists in enhancing the quality and productivity of the forest ecosystems to meet their market demand. Notwithstanding the differences, the present study clearly establishes the superiority of cluster III recommends propagation of material from the trees belonging to this cluster for utilization in immediate plantation programmes for better productivity of the species.
